This paper analyzes the first secured four color light curves of V396 Mon using the 2003 version of the WD code. It is confirmed that V396 Mon is a shallow W-type contact binary system with a mass ratio q = 2.554(±0.004) and a degree of contact factor f = 18.9%(±1.2%). A period investigation based on all available data shows that the period of the system includes a long-term decrease (dP/dt = −8.57 × 10 −8 days/year) and an oscillation (A 3 = 0. d 0160; T 3 = 42.4 years). They are caused by angular momentum loss (AML) and lighttime effect, respectively. The suspect third body perhaps is a small M-type star (about 0.31 solar mass). Though some proofs show that this system has strong magnetic activity, through analyzing we found that the Applegate mechanism cannot explain the periodic changes. This binary is an especially important system according to Qian's statistics of contact binaries as its mass ratio lies near the proposed pivot point about which the physical structure of contact binaries supposedly oscillate.
Introduction
The light curves of V396 Monocerotis are continuous, sine-like. The primary minima are nearly of the same depth as the secondary minima. That is, V396 Mon has an EW-type light curve and was classified as a W Ursae Majoris eclipsing binary in the General Catalogue of Variable Stars (Kholopov 1985) . A photographic light curve, times of light minimum, and ephemeris were given by Wachmann (1964) . Subsequently, additional times of minima were published by Hoffmann (1983) and the Swiss Astronomical Society (BBSAG). Then, BV light curves observed in 1999, photoelectric solutions, and a period analysis were given by Yang & Liu (2001) . Their conclusions were that V396 Mon is a W-type W UMa contact binary with a mass ratio of 0.402 and a cool spot presented on the secondary component which caused asymmetry of the light curves. One year later, Gu (2004) found the O'Connell effect (O'Connell 1951) in his observation to become very weak compared with that in Yang & Liu's (2001) observation; he thought that this was an indication of starspot activity.
Generally, magnetic activity probably leads to an alternate period change of a close binary (e.g., Applegate 1992 , Lanza et al. 1998 ). However, in Yang & Liu's (2001) period analysis they did not find the expected variations owing to a lack of times of light minima data. Qian has published a series papers to discuss the long-term period variation of contact binary stars (i.e., Qian 2001a Qian , b, 2003 . His result is that this kind of variation may correlate with the mass of the primary component (M 1 ), and the mass ratio of the system (q). His statistic critical mass ratio q is 0.4. When q > 0.4, the secular period increases; contrary, q < 0.4, the secular period decreases. V396 Mon is important because of its mass ratio is around 0.4. As Qian said, such systems should be unstable and oscillate around the critical mass ratio. Therefore, V396 Mon becomes one of the monitoring targets in our contact binaries observation program running at Yunnan Observatory.
Observations
We carried out new CCD photometric observations of V396 Mon in BV RI bands on 2009 November 16 and 17, using the 1024 × 1024 PI1024 BFT camera attached to the 85-cm telescope at the Xinglong Station of National Astronomical Observatories of Chinese Academy of Sciences. The filter system was a standard Johnson-Cousins-Bessel multicolor CCD photometric system built on the primary focus (Zhou et al. 2009 ). The effective field of view is 16.
′ 5 × 16. ′ 5. The integration time for each image is 20 s. 2MASS06382732+0340193 and 2MASS06385506+0339462 were chosen as comparison and check star, respectively. These two stars are close to the target and their brightnesses are similar to the target. PHOT (measure magnitudes for a list of stars) of the aperture photometry package of IRAF was used to reduce the observed images, including a flat-fielding correction process. Through the observation we obtained BV RI light curves. The original data are listed in Tables 1 to 4 . By calculating the phase of the observations with the equation 2455153.3614 + 0.
d 39634359 × E, the light curves are plotted in Figure 1 . In this figure it is shown that the data of two days joined smooth and the light variation is typical of EW type. The magnitude difference between comparison star and check star is a constant, denoting the authenticity for the variations of the curves about V396 Mon. Since the light levels around the minima are symmetric, a quadratic polynomial fitting method was used to determine the times of minimum light by the least square method. In all, our new epochs of light minima were listed in Table  5 .
The light curves in the V band obtained by Yang and Liu (2001) in 1999 and by the authors in 2009 are plotted in Figure 2 . As shown in this figure, the light curves changed between 1999 January and 2009 November. The light curves observed in 2009 November are symmetric, while those obtained in 1999 January are asymmetric, which exhibit a typical O' Connell effect and show a much deeper primary minimum. The similar phenomenon was found out by Qian et al. (2006) when they analyzed a deep, low mass ratio overcontact binary system, AH Cancri. They did not interpret it then. Now, we are convinced that the changes of the light curves are caused by some cool star spots on the surface of the components. Actually, a cool star spot or several ones can make the primary minimum much deeper, which was proofed by Yang and Liu's photometric solutions. Later, the spot disappeared, which was proofed by the photometric solutions of Gu (2004) and us. The present cool spots will alter the light curves very much, even strongly affecting the results of the photometric parameters.
Orbital period analysis
The first orbital period analysis of V396 Mon was given by Yang & Liu (2001) . They collected 30 light minima and yield a corrected ephemeris,
As time passed, more and more minima of V396 Mon were obtained by various observers. We collected all available visual, photoelectric and CCD times of light minima, listing them in Table 6 . We adopted the ephemeris 2455153.3614 + 0. d 39634498 × E to modify its period, where 2455153.3614 is one of our times of light minima and 0.39634498 is found in GCVS (Samus et al. 2004) . In calculation, the weight of visual data being set as 1 meanwhile that of the others being set as 8. A new corrected linear ephemeris was obtained:
The (O − C) values with respect to the linear ephemeris are listed in the fifth column of Table 6 . The corresponding (O − C) 1 diagram is displayed in Figure 3 .
The general (O − C) 1 trend of V396 Mon shown in Figure 3 indicates the continuous period decrease. However a long-term period decrease alone (dashed line in Figure 3 ) cannot describe the (O − C) 1 curve very well; a period oscillation exists. Assuming that the period oscillation is cyclic, then, based on a least-square method, a sinusoidal term was added to a quadratic ephemeris to give a better fit to the (O − C) 1 curve (solid line in Figure 3) • 00921 × E −65.
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With the quadratic term in this equation, a secular period increase rate is determined, dP/dt = −8.57 × 10 −8 days/year.
The (O − C) 1 values with respect to the quadratic ephemeris in Eq.(3) are shown in Figure 4 . Although the visual data show large scatter, most of the photoelectric and CCD data lie close to the fitting line; an oscillation is presented in this figure. We have the relation,
where P e is the ephemeris period (0. d 39634359), the period of the orbital period oscillation is determined to be T 3 = 42.4 years.
Photometric solutions

V396
Mon is an ignored but important system. Yang and Liu (2001) determined its photometric solutions. They found the mass ratio q to be 0.402 and the fill-out factor f to be 5%, including a dark spot on the secondary component. But one year later, Gu (2004) found that the spot had dispersed. He derived a mass ratio of 2.937 (0.340).
To obtain initial input parameters, a q-search method with the 2003 version of the W-D program (Wilson & Devinney, 1971 , Wilson, 1990 , 1994 , Wilson & Van Hamme, 2003 was used ( Figure 5 ). We fixed q to 0.3, 0.4, 0.5 and so on, as figure 5 shows. It can be seen that there are two lower points and the best value is around q = 2.5 (0.4), which is very close to the photometric value q = 0.402 (Yang & Liu 2001) .
Throughout the solution the same value of temperature for star 1 (the star eclipsed at primary minimum) as that used by Yang & Liu (2001) (T 1 = 6210K) was chosen. The bolometric albedo A 1 = A 2 = 0.5 (Rucinski 1969) and the values of the gravity-darkening coefficient g 1 = g 2 = 0.32 (Lucy 1967) were used, which correspond to the common convective envelope of both components. Logarithm limb-darkening coefficients were used, taken from Claret & Gimenez (1990) . We adjusted the mass ratio (q); the orbital inclination (i); the mean temperature of star 2 (T 2 ); the monochromatic luminosity of star 1 (L 1 ) and the dimensionless potential of star 1 (Ω 1 = Ω 2 , mode 3 for contact configuration). Like Gu (2004)'s light curves, our multi-color light curves presented no O'Connell effect (O'Connell 1951) . Period analysis indicated that the period oscillation may be caused by a light-time effect of a tertiary component, so we tried to adjusted the parameter l 3 in the W-D code. However, the numerical third light calculated by the program tended to negative. Therefore, in our final results we set third light equal to zero. The photometric solutions are listed in Table 7 and the theoretical light curves computed with those photometric elements are plotted in Figure 6 . The geometrical structure of V396 Mon is displayed in Figure 7 .
Discussions and conclusions
V396
Mon is a W-type marginal contact binary with a reliable photometric mass ratio 2.554 and a fill-factor 18.7%. The mass ratio 1/2.554 = 0.392 is close to that of Yang and Liu (2001) 's result 0.402, but the fill-factors of the two results are significant difference (18.7% ± 1.2% and 4.7% ± 5.0%, respectively). The reasons are the system's period decease, the models simply unreliable in the sense of probable errors and the real much changes of the system in a decade. First, long-term period decrease cannot cause so big variations. The time scale of that is at least several million years, which is much longer than a decade. So it is impossible to see clear changes in systematic fashion in so short time. Second, although the models are simply, the prevenient practices tell us that the errors should not be so big. The third reason is the main one. The appearance of the cool spot strongly affects the results of the photometric parameters. More or less, two deferent light curves should have two deferent photometric solutions. Yang and Liu's (2001) light curves exist a star spot, which impacts on the solutions of the internal physical parameters. Moreover, the errors of their fill-factor is 5%, indicating the relative error is 106.3%, much bigger than 6.3% of ours. Thank to the disappeared cool spots, which make the light curves to restore their originally appearance. Hence, we think our results reveal the uncovered physical parameters and are more reliable than Yang and Liu's. Although no spectroscopic elements have been published for this binary system, their absolute parameters can be estimated. Assuming that the primary components are normal, main sequence stars, we can estimate their masses as 0.36 and 0.92M ⊙ , corresponding to the results of W-D code. Combining with the photometric solutions and its period, we then estimated absolute parameters for the system (
The evolutionary status of the components can be inferred from their mean densities (see for example, Mochnacki 1981 Mochnacki , 1984 . Using the following formulae (Kopal 1959) ,
where V 1,2 are the volumes of the components using the separation A as the unit of length, we determined the mean densities (ρ 1 , ρ 2 ) of the two components to be 1.112 ρ ⊙ and 0.809 ρ ⊙ . The corresponding logarithms of the mean densities are 0.046 and -0.092, which are lower than those of zero-age main sequence (ZAMS) stars of the same spectral type, especially for the less massive components. This indicates that the components in both systems have already moved away from the ZAMS line to a greater or lesser extent.
The period variation of V396 Mon represented is very complex. Based on all available photoelectric and CCD eclipse times, the period changes of the contact binary star were discussed in the previous section. First, the orbital period was revised as 0.39634359 days by using the 118 visual, CCD and photoelectric timings being listed in Table 6 . Second, the general (O − C) trend reveals a long-term period decrease at a rate of dP/dt = −8.57 × 10 −8 days/year. In addition, a period oscillation (A 3 ∼ 0 d .0160) was discovered superimposed on the period decrease. If this period decrease is due to a conservative mass transfer from the more massive component to the less massive one, then with the absolute parameters derived by the present paper and by using the well-known equation,
the mass transfer rate is estimated to be, dM 2 /dt = −4.26 × 10 −8 M ⊙ /year. The negative sign implies that the more massive component M 2 is losing its mass. The timescale of mass transfer is τ ∼ M 2 /Ṁ 2 ∼ 2.2 × 10 7 years which is 4 times the thermal time scale of the more massive component. However, having considered the strong magnetic activity of the system (Gu 2004 and our discussions above), the long-term period decrease can be reasonably explained as the results of an enhanced stellar wind and angular momentum loss (AML). Table 8 lists some contact binary systems that exhibit long-term period decreases.
We now address the short-term period oscillation with T 3 = 42.4 years, A 3 = 0.0160 days. There are two main ways to interpret these observations: the Applegate mechanism and light-time effect.
The Applegate mechanism says that the cyclic period change is caused by magnetic activity-driven variations in the quadrupole moment of the solar-type components (e.g., Applegate 1992 , Lanza et al. 1998 ). According to the formula (Lanza & Rodonò 2002; Rovithis-Livaniou et al. 2000) ,
we got the needed quadrupole moment were ∆Q 1 = 1.41 × 10 49 and ∆Q 2 = 3.61 × 10 49 g · cm 2 . However, for active close binary stars, the typical values range from 10 51 to 10 52 g · cm 2 . Therefore the Applegate mechanism probably does not describe the short-term period changes in V396 Mon.
The most likely explanation of the period oscillation is that a light-time effect of a tertiary component causes this phenomenon. By using this equation:
where a ′ 12 sin i ′ = A 3 × c (where c is the speed of light), the mass function from the tertiary component can be computed with the following equation:
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